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FOREWORD 


Today,  the  Commonwealth  of  Massachusetts  has  an  unprecedented  opportunity  to  strengthen 
the  efficiency  and  effectiveness  of  its  government  operations,  by  harnessing  emerging 
data  communciations  technologies. 

The  divestiture  of  AT&T  and  associated  deregulation  of  the  telecommunications 
industry  have  had  a  profound  and  continuing  effect  on  the  variety,  quality,  and  cost  of 
data  communications  equipment  and  services  available  in  the  marketplace.    At  the  same 
time,  the  Commonwealth  faces  increasingly  sophisticated  data  communications  demands  from 
growing  numbers  of  state  agencies. 

In  evaluating  these  demands  and  the  technological  options  available  to  meet  them, 
state  government  decision  makers  must  be  mindful  of  the  necessity  both  to  maintain  the 
quality  and  to  contain  the  cost  of  public  sector  data  communications.    During  FY'85,  the 
Commonwealth's  data  communications  costs  exceeded  $1  million.    Unless  changes  are  made, 
by  FY'95  these  costs  are  expected  to  exceed  $10  million. 

In  conformance  with  the  legislative  mandate  for  statewide  planning  and  cost  control,  and 
in  recognition  of  the  sizeable  opportunity  and  responsibility  that  planning  in  the  area 
of  data  communications  represents,  the  Executive  Office  for  Administration  and  Finance  in 
November  1984  commissioned  a  study  from  the  Commonwealth's  Office  of  Management  Infor- 
mation Systems.    The  study  was  to  provide  the  Commonwealth  with  a  framework  for  data 
communications  planning  and  development.    The  result  was  to  be  a  price/performance 
management  plan  that  would  facilitate  taking  cost-effective  advantage  of  new  technologies 
to  meet  the  Commonwealth's  current  and  future  data  communications  requirements.    That 
plan,  The  Data  Communications  Plan,  follows. 
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EXECUTIVE  SU1 


Background 

In  December  1984,  the  Office  of  Management  Information  Systems  initiated  a  study  to 
assess  the  current  status  of  the  Commonwealth  of  Massachusetts'  major  data  centers.    The 
study  findings  were  to  serve  as  the  basis  for  the  state's  first  Data  Communications 
Plan.    Information  was  collected  on  all  leased  data  circuits,  their  routes,  equipment, 
and  costs.    This  information  was  gathered  by  interviewing  managers  and  technical 
personnel  at  the  Commonwealth's  data  centers  and  at  major  customer  agencies. 
Supplemental  information  was  obtained  from  the  New  England  Telephone  Company.    The  data 
were  then  analyzed  to  determine  a  plan  for  increasing  efficiency  in  the  use  of  data 
communications  technology  and  for  providing  cost-effective  solutions  to  meet  current  and 
predicted  customer  demand. 
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Fy  ho 

indings 

The  Commonwealth  is  leasing  388  data  circuits,  with  1001  data  terminations.    Eighty-eight 
of  these  circuits  cross  the  Local  Access  and  Transportation  Area  (    LATA    )  boundary 
(the  line  between  the  617  and  413  area  codes).    Expenditures  for  data  circuits  exceed 
$113,000  per  month.    Seventy-three  per  cent  of  the  circuits  are  point-to-point.  Two 
hundred  and  sixty-one  cities  and  towns,  74%  of  those  in  the  Commonwealth,  are  serviced  by 
data  communications  networks.    Four  thousand,  one  hundred  and  eighty-five  modems  are  in 
use,  most  of  which  are  rented.    Predicted  annual  data  circuit  growth  ranges  from  a  low  of 
10%  for  one  data  center  to  a  high  of  21%. 


Recommendations 


Based  on  these  findings,  OMIS  recommends  that  the  Commonwealth: 

Substitute  the  more  expensive,  rented  modems,  for 
their  counterparts  available  from  the  OMIS 
contract  (described  on  page  37). 

Replace  point-to-point  data  circuits  with  multi- 
drop lines  wherever  it  is  cost-effective  to  do  so. 

Establish  a  high  speed,  high  capacity  transmission 
facility  ("pipe-line")  connecting  Boston, 
Worcester,  and  Springfield. 

Interconnect  data  centers,  where  feasible  and 
allowed  by  security  and  statutory  limitations. 
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Substitution  of  leased  or  purchased  contract  modems  for  rented  modems  would  save  at  least 
$22,400  a  month.    Reduced  usage  of  point-to-point  circuits  and  substitution  of  multi-drop 
lines  or  multiplexing  would  save  an  additional  $3,000  per  month.    Installation  of  the 
proposed  pipe-line  would  save  another  $10,000  per  month.    Annual  savings,  if  these  recom- 
mendations are  implemented,  would  exceed  $400,000  a  year,  or  $4  million  over  ten  years. 


Calculation  of  these  savings  for  each  data  center  are  presented  on  page  36. 
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PROPOSED  POLICIES 


In  response  to  findings  of  this  study,  OMIS  will  promulgate  the  following  policies: 

Modems  &  Data  Communications  Equipment    must  be  purchased  from  the  contract 
unless  it  is  demonstrated  that  purchasing  is  not  the  appropriate  solution,  or 
that  the  equipment  on  the  contract  is  not  suitable. 

Telephone  Lines    selection  must  be  based  on  the  results  of  a 
price/performance  analysis.    Where  applicable,  Packet  Switching  must  be  used. 
Until  the  telephone  company  converts  to  digital  local  loops,  analog  lines  must 
be  used  unless  an  alternative  is  shown  to  be  more  appropriate  and  more 
cost-effective. 

No  new    leased  lines    will  be  installed  across  the  LATA  boundary  once  the 
pipe-line  is  installed.    Current  lines  must  be  converted  and  all  new  lines  must 
use  the  pipe-line  unless  it  is  shown  that  this  would  be  unsuitable. 

Data  centers    must  be  interconnected,  subject  to  security  requirements, 
statute  and  technology  limitations,  as  a  cost-effective  alternative  to 
connecting  individual  terminals  to  "foreign"  data  centers. 
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DBVEST1TURE 


The  impact  of  divestiture  on  data  communications  in  the  Commonwealth  has  been  two- 
fold.      It  resulted  in  significantly  altered  boundaries,  both  geographic  and 
regulatory,  with  corresponding  changes  in  service  delivery.  And  it  lowered  the  barrier  to 
competition  from  new  vendors  of  existing  and  new  technologies,  thus  offering  the 
Commonwealth  new  opportunities  to  maximize  the  cost-effectiveness  with  which  it  meets  its 
data  communications  needs.    A  discussion  of  both  types  of  impact  follows. 


Major  portions  of  the  Modified  Final  Judgement  through  which  divestiture  was  implemented  went  into  effect 
January  1,  1984. 
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Boundaries 

In  the  Modified  Final  Judgement  (MFJ),  the  settlement  of  the  United  States'  antitrust 
suit  against  AT&T  provided  for  a  division  of  duties  between  AT&T  and  the  newly 
established  Regional  Operating  Companies,  as  well  as  for  the  introduction  of  the 
mechanism  to  be  used  by  competitive  interexchange  (long  distance)  carriers  such  as  MCI, 
Sprint,  and  Allnet.    Local  Access  and  Transportation  Areas  (LATAs)  were  established  to 
isolate  long  distance  service  from  local  service. 

AT&T  continues  to  provide  interexchange  service,  which  was  defined  under  the  MFJ  to  be 
inter-LATA  service,  and  the  Regional  Operating  Companies  provide  local  service  and 
intra-LATA  service.    The  LATA  configuration  in  Massachusetts  follows  the  area  code 
boundaries,  413  and  617.    As  a  result,  there  now  exist  within  the  Commonwealth  two 
categories;  inter-LATA  (calls  between  the  617  and  413  areas)  and  intra-LATA  (calls  within 
617  or  413).    The  Massachusetts  Department  of  Public  Utilities  (DPU)  has  jurisdiction 
over  intrastate  matters  in  both  categories.    The  Federal  Communications  Commission  (FCC) 
has  retained  control  over  interstate  and  inter-Lata  matters. 

The  local  telephone  company  has  a  monopoly  on  the  provision  of  local  service  within 
LATAs.    According  to  the  MFJ,  the  telephone  company  must  also  provide  a  gateway  for  the 
interexchange,  or  common  carriers,  with  eventual  equal  access  required  for  AT&T  and  the 
other  common  carriers. 


Page  6 


Under  the  terms  of  divestiture,  New  England  Telephone  Company  (NET)  and  its  parent, 
NYNEX,  can  service  intra-LATA  telephone  calls  (i.e.;  those  telephone  calls  wholly  within 
the  617  or  413  area  code),  but  are  specifically  prohibited  from  handling  inter-LATA 
traffic  (calls  between  the  617  and  413  area  codes).  The  common  carriers,  AT&T 
Communications  (the  regulated  arm  of  the  deregulated  Bell  System)  MCI,  Sprint,  and 
Allnet,  handle  the  inter-LATA  traffic,  but  are  specifically  prohibited  from  handling 
intra-LATA  traffic. 

To  date,  the  greatest  impact  of  divestiture  on  the  Commonwealth  is  the  loss  of  Telpak 
rates  between  LATAs.    Telpak  is  the  name  that  NET  has  given  to  a  volume  discount  leased 
circuit  arrangement  for  large  users.    The  loss  of  Telpak  to  the  western  part  of  the  State 
has  caused  a  significant  increase  in  inter-LATA  circuit  costs. 

Divestiture  and  the  associated  loss  of  Telpak  as  a  link  between  the  eastern  and  western 
parts  of  the  state  precipitated  reevaluation  of  the  Commonwealth's  data  circuit 
installation  and  usage  practices.     On  the  next  page  are  two  pictorials  that  represent 
the  method  employed  before  divestiture  and  the  proposed  method  after  divestiture  for  all 
state-wide  data  communications. 


i 


A  map  of  Telpak  facilities  in  Massachusetts  is  provided  in  the  Appendix  on  page  88. 
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State-wide  Data  Communications  Methodology;  Before  Divestiture 


A  circuit  starts  at  a  data  center  in  Boston  and  proceeds  to  its  destinations.    With 
the  imposition  of  the  LATA  boundaries,  this  methodology  is  no  longer  cost-effective. 


State-wide  Data  Communications  Methodology:  After  Divestiture 


Intelligent  switching  nodes,  attached  to  high  speed  trunk  lines,  carry  data  to  central 
points.    The  data  are  then  distributed  by  local  circuits  from  these  nodes. 
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Technologies 

The  argument  used  to  justify  the  break  up  of  AT&T,  that  the  monopoly  was  constraining 
product  development  and  competition,  appears  to  have  been  well  founded.    Since  dives- 
titure, numerous  new  technologies  and  new  producers  of  technology  have  appeared  in  the 
marketplace.    As  a  consequence,  the  data  communications  environment  is  currently  a 
turbulent  one.    Prices  change  daily.    A  final  decision  on  the  access  charge  recommended 
in  the  MFJ  for  business  lines  has  yet  to  be  reached;  in  the  interim,  implementation  of 
this  charge  fluctuates.    Local  cost  containment  efforts  are  hampered  due  to  the  loss  of 
arrangements  like  TELPAK  and  the  subsidy  from  long  distance  telephone  usage.    One 
apparent  avenue  for  cost  containment  is  to  reduce  lines;  however,  this  could  result  in 
penalties  for  nondelivery  of  mandated  services  that  outweigh  intended  monetary  savings. 
New  companies,  offering  new  options  for  telephone  equipment  and  maintenance,  are 
springing  up  every  day,  but  these  start-ups  inevitably  lack  any  track  record  with  which 
to  compare  them  .against  the  Bell  System.    AT&T,  too,  has  changed  in  response  to  the 
boundary  changes  described  above;  ATT-COM  is  providing  inter-LATA  communications  and  all 
long-distance  communication,  while  ATT-IS  has  been  deregulated  to  provide  equipment  and 
consulting,  but  no  circuit  capacity.    As  a  result,  the  Commonwealth  has  been  forced  into 
a  multi-vendor  environment. 
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I.  THE  COMMONWEALTH'S  CURRENT  NETWORK 


Data  Collection:    Focus 

Boston,  Worcester,  and  Springfield  are  the  Commonwealth's  largest  cities.    Their 
associated  Primary  Metropolitan  State  Areas  encompass  over  63%  of  the  Commonwealth's 
population.    Eighty-one  percent  of  that  population  is  within  25  miles  of  these  three 
population  centers,  and  therefore  can  be  serviced  by  local  circuits.    In  light  of  the 
fact  that  these  cities  fall  along  one  line  (East-West),  it  seemed  likely  that  they  would 
be  serviced  most  cost-effectively  by  a  single  trunk  line.    This  supposition,  or 
hypothesis,  provided  a  focus  for  data  collection. 


Compiling  An  Inventory 

Developing  a  State  Data  Communications  Plan  first  required  becoming  familiar  with  the 
current  network.    For  this  purpose,  information  was  gathered  on  all  telephone  lines  used 
for  data  within  the  Commonwealth.    This  included  public  switched  analog  lines,  private 
analog  lines,  and  private  digital  circuits. 


1 


Because  planning  for  voice  circuits  is  the  responsibility  of  the  Office  of  Telecommunications,  only  information 
relating  to  data  communications  was  gathered  for  this  study. 
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In  addition,  descriptive  information  was  obtained  on  data  communications  equipment 
(modems  and  multiplexers),  and  on  equipment  and  line  costs.    This  information  was 
obtained  from  relevant  state  government  agencies,  and  from  the  New  England  Telephone 
Company. 

Data  collection  entailed  conducting  site  visits  to  the  Commonwealth's  major  data  centers. 
These  visits  also  served  as  an  opportunity  to  provide  key  personnel  with  an  overview  of 
the  network  project.    A  list  of  the  organizations  and  individuals  that  participated  in 
this  data  gathering  effort  appears  in  the  Appendix  on  page  71. 


inventory  Data  Analysis 

A  relational  data  base  model  was  created  to  facilitate  data  analysis.       Using  this 
model,  analyses  were  performed  on  the  type  and  use  of  circuits  and  terminations,  the 
location  of  circuit  terminations,  and  the  type  and  speed  of  modems.    These  analyses 
produced  findings  about  the  Commonwealth's  current  network,  which  are  summarized  in  the 
Executive  Summary  and  reported  in  more  detail  below. 


i 


The  data  base  schema  appears  in  the  Appendix  on  page  74. 
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Circuits  and  Terminations 

The  table  that  follows  documents  service  to  the  Commonwealth's  cities  and  towns  and 
compares  characteristics  of  the  circuits  in  the  Commonwealth  within  major  categories: 
intra-LATA  versus  inter-LATA,  analog  versus  digital,  and  point-to-point  versus 
multi-drop.    The  table  also  displays  the  distribution  of  point-to  point  versus  multi-drop 
terminations. 
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CITIES  &  TOWNS  SERVICED 


Total  number  of  Cities  and 
with  terminals 
without  terminals 


351 

261  (74%) 
90  (26%) 


CIRCUITS 


Not  including  the  Lottery     Including  the  Lottery1 


intra-LATA 

J=,  A  I    \x>  *£>  i  I    flf^i     I      tt 

TOTAL 


338    (87%) 
50    (13%) 
388 


590    (87 
88     (13 
678 


analog 
digital 
TOTAL 


359  (93%) 
29  (  7%) 


649 

29 

678 


(96%) 
(  4%) 


point  to 

point 
multi-drop 
TOTAL 


284  (73%) 
104  (27%) 
388 


284  (42 
394  (58 
678 


TERMINATIONS 


point-to- 
point 
multi-drop 
(leg  circuits)2 
TOTAL 


284  (28%) 

613  (61%) 

104  (10%) 
1001 


284 
3223  (85 


(  7% 


290  ( 
3797 


7%) 


Because  of  the  enormity  and  special  purpose  of  the  Lottery  Commission  network,  Lottery  information  was  not  included 
in  most  analyses  performed  for  this  study.    Where  it  was  included,  that  is  noted. 

Leg  circuits,  also  called  master  circuits,  are  the  part  of  a  multi-drop  circuit  that  connects  the  computer  center 
to  the  telephone  company. 
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The  388  circuits  and  1001  terminations  noted  in  the  table  on  the  preceeding  page  (Data 
Communication  Service  to  the  Commonwealth),  are  distributed  among  data  centers  as 
follows: 


DATA  CENTER  CIRCUITS 


DATA  CENTER1 


CHSB 

OMIS/BCS 

DES 

Trial  Courts 

RMV 

DOR 

RCN 

DOC 

EOEA 

Treasury 


TOTAL:  388  1001 


NUMBER 

NUMBER  OF 

OF  CIRCUITS 

TERMINATIONS 

33 

368 

84 

237 

138 

156 

16 

93 

31 

53 

23 

31 

29 

29 

28 

28 

3 

3 

3 

3 

The  charts  that  follow  depict  the  distribution  and  costs  of  data  circuits  across  the 
state,  by  data  center. 


A  listing  of  complete  department  names  is  contained  in  the  Appendix  on  page  73. 
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The  1001  terminations  can  be  categorized  by  customer  departments  as  follows: 

DATA  COMMUNICATION  CIRCUITS  BY  DEPARTMENT 


EPARTMENT  A          NUMBER  OF 

CIRC 

CHSB 

368 

DES 

157 

Trial  Courts 

93 

Welfare 

90 

DSS 

64 

RMV 

50 

DOR 

34 

DOC 

<&   E? 

RCN 

29 

DMH 

28 

DPH 

15 

DYS 

8 

EOEA 

4 

PMIS 

4 

Mass  Rehabilitation 

3 

OMIS/BCS 

3 

Group  Insurance 

2 

State  University 

2 

Treasury 

3 

Community  Colleges 

1 

DEQE 

1 

DOE 

1 

Uncategorized 

12 

TOTAL? 

1001 


A  set  of  detailed  circuit  maps  for  each  of  the  Commonwealth's  data  centers  follows.    Maps 
for  the  Executive  Office  of  Environmental  Affairs  and  the  Treasury  are  not  included, 
since  all  of  their  data  circuits  lie  within  the  Boston  area. 


A  listing  of  complete  department  names  is  contained  in  the  Appendix  on  page  73. 
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lodems 


The  table  below  displays  the  distribution  of  modems  in  the  Commonwealth's  current  network 
according  to  speed.      It  is  worth  noting  that  all  of  the  low  speed  (150  bps)  modems 
will  be  eliminated  during  1986  as  a  result  of  network  redesigns. 


DISTRIBUTION  OF  MODEMS  BY  SPEED 

SPEED  (bps) 


150 
1200 
1800 
2400 
4800 

4800  (digital) 
9600 


14,400 
19,200 


NUMBER 

221 

62 

2900 

10 

490 

374 

110 

16 

4 

*Lottery  Commission 


i 


Eleven  different  manufacturers  provide  these  modems.   An  enumeration  by  manufacturer  and  speed  appears  in  the 
Appendix  on  page  78. 
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Data  circuit  speed  is  a  major  factor  in  the  determination  of  network  design  and 
capacity.    The  vast  majority  of  circuits  in  the  Commonwealth  (93%)  are  analog;  their 
speeds  are  determined  exclusively  by  the  modems  that  are  attached  to  them. 


By  contrast,  digital  circuits  (DDS  -  Digital  Dataphone  Service)  are  engineered  for  a  particular  speed.     The  chart 
on  the  following  page  illustrates  the  distribution  of  circuits  by  speed. 
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II.  ANALYSIS 

In  addition  to  becoming  familiar  with  the  Commonwealth's  current  network,  developing  a 
State  Data  Communications  Plan  required  analysis  of  the  predicted  network  growth  and  the 
cost  of  such  growth. 

Data  communications  costs  are  in  some  respects  quite  complicated,  and  are  usually 
presented  in  a  Punch  Card  Account  Billing  Report  (PCAB),    a  formidable  and,  as  the  name 
suggests,  antiquated  report  produced  by  the  telephone  company.    A  cursory  review  for  this 
study  revealed  significant  billing  errors  for  some  data  lines.    Because  Commonwealth 
agencies  do  not  have  the  manpower  to  check  all  of  their  telephone  bills,  each  depar- 
tment's cost  figures  were  calculated  by  OMIS  for  this  study,  with  cooperation  and 
assistance  from  department  personnel.    Cost  increases  were  calculated  using  the  telephone 
company's  estimated  annual  rate  increase,  4.7%.    Data  center  growth  rate  was  determined 
based  upon  figures  postulated  by  data  center  personnel.    Analysis  of  each  data  center 
revealed  a  compound  growth  rate  varying  from  a  low  of  10%  per  year  to  a  high  of  21%  per 
year. 


i 


A  review  of  past  growth  indicates  that  these  predictions  are  quite  conservative.   Furthermore,  entirely  new 
networks  such  as  those  currently  being  planned  for  the  Registry  of  Motor  Vehicles  (RMV)  System  and  the  Mas- 
sachusetts Public  Assistance  Control  System  (MP ACS),  are  not  included  in  these  growth  predictions.   MPACs  alone 
could  add  as  many  as  2000  new  data  terminals  to  the  Commonwealth's  totals. 
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Findings 

The  four  tables  that  follow  present  summary  findings  of  the  cost  and  growth  analyses. 
A  conservative,  compound  growth  rate  of  17.4%,  obtained  using  a  weighted  average  of  the 
postulated  growth  rates,  was  used  in  the  calculations. 


The  first  table  in  this  series  presents  the  channel  costs  for  each  data  center,  together 
with  the  number  of  drops  that  each  maintains  and  its  computed  annual  channel  bill.    The 
"annual  1985"  figures  are  real.    The  ten  year  forecast  that  follows  includes  an  estimated 
annual  4.7%  rate  increase  by  the  telphone  company.    This  rate  increase  has  already  been 
filed  by  NYNEX  for  1986.    As  the  table  shows,  even  without  growth  within  any  data  center, 
costs  will    double    within  the  forecast  period. 


i 


A  set  of  tables  that  display  the  findings  in  greater  detail  appears  in  the  Appendix  on  page  79. 
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The  second  table  illustrates  a  ten  year  forecast  of  data  center  growth.    At  a  17.4% 
compound  growth  rate,  each  data  center's  service  needs  will  increase  five-fold. 

The  third  table  isolates  the  projected  growth  of  voice  and  data  circuits  that  cross  the 
LATA  boundary.    Note  the  changing  ratio  of  data  to  voice  lines. 

The  fourth  table  combines  the  predicted  telephone  company  rate  increases  from  the  first 
table  with  the  data  center  growth  contained  in  the  second  table. 


As  this  table  clearly  shows,  if  current  practices  are 
continued,  the  Commonwealth's  data  communications 
burden  will  become  financially  unsupportable  within  ten 
years. 


The  fifth  table  shows  line  costs  and  associated  savings,  based  on  enactment  of 
recommendations  in  this  report. 
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HI.    RECOMMENDATIONS 


A.    MODEMS 


Background 

One  result  of  divestiture  in  the  marketplace  has  been  the  production  of  more 
sophisticated,  less  costly  data  communications  equipment  by  a  large  number  of  vendors. 

In  response,  OMIS,  through  a  competitive  procurement,  established  a  contract  for  data 

1 
communications  devices/ 

Findings 

During  this  study,  292  rented  Bell  modems  were  identified.    These  were  in  use  in  five  of 
the  Commonwealth's  major  data  centers,  with  78%  located  in  one  data  center  alone. 
Replacing  all  292  of  the  rented  modems  with  their  contract  counterparts  would  yield  a 
savings  of  $5,548  per  month  if  the  new  modems  were  rented  month-to-month  ($66,576  per 
year),  or  $22,484  per  month  on  a  five  year  lease  ($269,808  per  year). 


i 


The  contract  is  a  Major  Account  Agreement  (called  a  "blanket"  contract)  between  the  Commonwealth  of  Massachusetts 
and  a  prominent  modem  manufacturer,  enabling  the  Commonwealth  to  purchase  products  at  discounted  prices. 


2 

See  charts  on  pages  39  and  40. 
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Certain  features  of  the  contract  modems  also  would  permit  extensive  line  diagnostic 
testing  and  analysis,  contributing  to  the  attainment  of  higher  overall  performance  in  the 
network. 

Recognizing  these  monetary  and  technical  benefits,  OMIS  began  a  program  of  modem 
substitution  as  soon  as  the  blanket  contract  had  been  signed. 
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B,    LINES 


Introduction 

Particularly  in  the  public  sector,  where  taxpayers'  dollars  must  be  used  judiciously,  the 
relationship  between  cost  and  performance  is  a  crucial  factor  to  be  considered  in 
developing  any  network  plan.    Cost  and  growth  had  to  be  analyzed  for  each  data  center. 
From  the  baseline  data,  a  model  was  created  from  which  predictions  on  the  price  and 
performance  of  the  new  network  could  be  made.    The  model  was  applied  to  analyze  several 
different  categories:    type  of  line  (analog  or  digital),  speed  of  line,  line  geometry 
(point-to-point  or  multi-point),  line  equipment  and  costs  of  lines  and  line  equipment. 
In  addition,  data  communications  alternatives  to  the  public  telephone  network,  such  as 
packet  switching  and  the  use  of  high  capacity  (T-l)  lines,  were  considered.     Each  of 
these  is  separately  discussed  in  this  section  of  the  report. 
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TYPE  OF  LINE:    ANALOG  VS  DIGITAL  TRANSMiSS 


Definition  of  Terms 

Information  can  be  transmitted  over  a  telecommunications  medium  in  one  of  two  ways, 
analog  or  digital.    In  an  analog  transmission  a  continuous  range  of  frequencies  is 
transmitted.    The  human  ear  responds  to  a  frequency  range  of  about  30  to  20,000  cycles 
per  second  ,  although  a  much  narrower  range  of  300  to  3400  cycles  per  second  is 
sufficient  to  convey  both  the  information  content  of  a  message  and  the  identity  of  a 
speaker.    In  a  digital  transmission  a  stream  of  "on"  and  "off"  pulses  are  sent  as 
discrete  entities.    Thus,  while  an  analog  transmission  contains  hundreds  of  different 
states  (frequencies),  a  digital  transmission  stream  contains  only  two  discrete  states. 

A  circuit  can  be  designed  to  carry  either  analog  or  digital  transmissions.    This  applies 
to  any  type  of  transmission  path  (wire,  coaxial  cable,  microwave,  satellite,  and  fiber 
optics).    If  the  path  is  analog,  amplifiers  somewhat  similar  to  those  used  in  stereo 
equipment  will  be  used  to  increase  signal  strength.    If  it  is  digital,  regenerative 
repeaters  will  be  used  to  reconstruct  and  pass  on  the  discrete  states  ("off"  or  "on"). 


i 


The  technical  term  Hertz  (HZ)  is  defined  as  1  cycle  per  second. 
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Trade-Offs 


In  principal,  digital  circuits  are  preferable  to  analog  circuits  in  that  the  former  can 
carry  higher  speed  signals  over  longer  distances  than  can  the  latter.    Furthermore,  since 
computers  are  digital,  to  transmit  their  digital  signals  on  digital  circuits  theore- 
tically would  be  the  more  logical  and  efficient  solution.    However,  at  present  most  of 
the  communications  lines  over  which  the  Commonwealth  sends  data  are  designed  for  analog, 
not  digital  transmission.    In  particular,  the  telephone  network  has  been  designed  and 
optimized  for  voice,  which  is  analog. 

As  a  result,  conversion  from  the  current  system  would  be  required  by  the  Commonwealth  to 
support  digital  transmission.    In  planning  such  a  conversion,  a  number  of  factors  that 
affect  cost  must  be  taken  into  account.    Several  of  the  most  significant  are  reviewed 
below. 
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Telpak  Discount.  The  Commonwealth's  current  Telpak  agreements  with  New  England 
Telephone  cover  voice  grade  lines  only,  i.e.,  analog  transmissions.  To  retain  use  of  the 
Telpak  discount  requires  continued  use  of  analog  transmissions.  (For  additional  infor- 
mation on  Telpak  see  the  Appendix  on  page  87.) 

Upgrade  to  Accomodate  Speed  Demands.    Digital  telephone  circuits  must  be  engineered 
for  a  specific  speed.    To  change  the  line  speed  of  a  digital  circuit  entails  its  complete 
restructuring.    Analog  circuits,  on  the  other  hand,  can  accomodate  virtually  any  line 
speed  from  110  to  14,400  bits  per  second,  depending  only  on  the  equipment  placed  at  the 
ends  of  the  telephone  line.    To  change  the  line  speed  of  an  analog  circuit  merely  entails 
changing  the  two  modems  on  the  circuit.    Therefore,  analog  lines  can  be  "upgraded"  with 
minimal  time  and  expense  to  accomodate  heavier  loads. 


Availability.    Digital  service  currently  is  available  in  some  parts  of  Mas- 
sachusetts, but  not  in  others.    Many    central  offices  of  the  telephone  company  do  not 
have  the  capacity  to  handle  digital  transmissions.    Bowdoin  Toll,  which  services  the 
State  House  area,  is  one  central  office  that  lacks  this  capability. 
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Conclusion 

The  Regional  Operating  Companies  currently  are  spending  millions  of  dollars  to  digitize 
their  local  loops.    There  is  no  question  that  the  telephone  system  will  become  fully 
digital  in  the  future.    Therefore,  the  pipe-lines  proposed  in  this  plan  are  all  digital 
(see  page  57).    To  be  viable,  the  Commonwealth's  Data  Communications  Plan  must  both 
address  current  demands  of  an  analog  telephone  system  and  include  a  strategy  for 
adjusting  to  meet  the  requirements  of  a  fully  digital  telephone  system  in  the  future. 
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LINE  GEOMETRY: 

POINT-TO-POINT  AND  MULTI-POINT  CIRCUITS 


Definition  of  Terms 

A  point-to-point  circuit,  as  its  name  implies,  consists  of  a  modem  installed  at  the  host 
computer  site  and  extended  by  a  leased  telephone  line  to  a  modem  installed  at  the  remote 
terminal  site.   Thus,  to  support  one  user  in  the  field,  two  modems  and  a  leased  line  are 
required.    Although  multi-point  (multi-drop)  circuits  also  require  one  modem  per  user 
terminal  (or  terminal  cluster  controller)  and  one  at  the  host  computer,  by  means  of 
bridges  provided  by  the  telephone  company  (or  other  communications  carrier)  many 
terminals  can  be  supported  on  a  single  line.   This  simulates  a  type  of  time-division 
multiplexing  such  that  each  user  perceives  himself  to  be  the  only  one  on  the  line. 
Exhibits  1  and  2  on  the  following  page  provide  a  pictorial  comparison  between  an  actual 
point-to-point  circuit  and  an  actual  multi-drop  circuit,  both  currently  in  use  within  the 
Commonwealth. 
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Point-to-point  circuits  from  DOR  to  support  four  users  in  Westboro.    The  circuits 

involved  are  70FDDT52532,  70FDDT52533,  70FDDT52534,  and  70FDDT52535,  which  together 

cost  $1376.16  per  month,  or  approximately  $344  per  supported  user.  Note  that  since 

four  terminals  are  required  at  the  remote  site,  eight  modems  and  four  leased  lines 

are  required. 


uH 
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A  multi-point  circuit  runs  from  OMIS/BCS  to  support  four  users,  one  in  Westboro,  one 
in  Lowell,  one  in  Quincy,  and  one  in  Boston.  The  circuit,  Number  62FDDT3514,  costs  a 
total  of  $924,  or  approximately  $231  per  user.  Compare  with  the  Exhibit  above.    In 
both  instances,  four  terminals  are  being  serviced,  but  here  five  (not  eight)  modems 
are  required,  and  only  one  (not  four)  leased  line  is  used. 
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In  the  previous  comparison,  the  cost  of  the  point-to-point  circuit  is  149%  the  cost  of 
the  multi-point  circuit. 

Most  communications  requirements  within  the  Commonwealth  are  those  of  terminal  to  host 
computer;  it  is  these  that  will  benefit  most  from  multi-point  circuitry.    Not  all 
point-to-point  circuits  currently  used  by  the  Commonwealth  can  be  eliminated;  most 
computer-to-computer  links  require  point-to-point  circuits.    Furthermore,  several 
asynchronous  computers  currently  in  use  cannot  handle  the  complex  techniques  required  to 
support  multi-drop  lines.    In  the  latter  case,  however,  the  number  of  point-to-point 
circuits  can  be  reduced  through  use  of  multiplexing,  another  method  that  allows  a  line  to 
be  shared  among  many  users. 

There  are  significant  economies  attached  to  the  use  of  multi-point  circuits.  Some  data 
centers  currently  realize  savings  through  extensive  use  of  multi-point  and  multiplexed 
circuits.  However,  other  data  centers  have  not  taken  advantage  of  these  technological 
options.  As  the  chart  on  the  following  page  illustrates,  of  the  388  circuits  surveyed, 
only  104  (27%)  are  multi-point  configurations;  the  vast  majority  (73%)  are  not.  The 
graph  on  page  50  displays  the  ratio  of  point-to-point  circuits  to  multi-drop  circuits  by 
data  center. 


i 


The  Lottery,  not  included  in  this  table,  has  2900  terminations,  and  employs  only  multi-point  circuits. 
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Conclusion 

Often,  data  communications  needs  arise  serially,  and  individual  point-to-point  circuits 
provide  an  appropriate  initial  solution.    However,  while  it  is  very  easy  to  order  and 
install  point-to-point  circuits,  use  of  multi-point  circuits  requires  planning  and  some 
engineering.    Significant  savings  would  accrue  were  multi-point  circuits  and  multiplexed 
point-to-point  circuits  used  more  extensively.    Savings  through  subsitution  of 
multi-point  circuits  and  multiplexed  point-to-point  circuits  for  point-to-point  circuits 
now  in  use  are  estimated  to  be  in  excess  of  $3000  per  month. 
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This  estimate  is  conservative,  taking  into  account  the  discount  still  provided  by  Telpak  pricing  in  the  617  Area; 
as  suggested  by  the  recent  loss  of  Telpak  in  the  413  Area,  it  should  not  be  assumed  that  this  price  benefit  in  the 
eastern  part  of  the  state  will  last  indefinitely.    Without  Telpak,  the  savings  accrued  through  the  reduction  of 
point  to  point  lines  would  exceed  $12,000  monthly,  or  $144,000  annually. 
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PACKET  SWITCHING 


Definition  of  Terms 

Packet  switching  is  a  technique  that  permits  the  transfer  of  data  among  communicating 
devices  through  use  of  a  shared  data  network  rather  than  a  single  physical  telephone  line 
connection.    It  allows  devices  of  dissimilar  manufacture  to  communicate  among  themselves 
as  they  rely  on  the  standards  imposed  on  the  Packet  Assembler  Disassembler  (PAD)  to 
provide  the  commonality  required  for    communications.    The  Regent's  Computer  Network 
already  employs  packet  switched  links. 


Typically,  a  packet  switching  network  is  implemented  over  leased  lines  or  over  other 
conventional  facilities.   Several  companies  currently  provide  a  public  packet  switching 
network  environment,  Tymenet  and  Telenet  being  among  the  largest. 
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Cost  And  Service 


Public  packet  networks  charge  on  the  basis  of  use,  not  distance.    There  are  at  present 
four  leased  AT&T  Long  Lines  facilities  that  connect  Commonwealth  data  centers  to  distant 
cities.    Two  point-to-point  lines  extend  from  OMIS/BCS  to  Kansas  City,  and  two  multi-drop 
lines  extend  from  DOR  to  New  York  City,  Pittsburgh,  Chicago,  Atlanta,  Houston,  and  Los 
Angeles.    Together,  the  cost  of  these  four  lines  exceeds  $7000  per  month.    Also, 
infrequent  users  do  not  require  the  24  hour  per  day  availability  of  leased  lines  and 
could  benefit  from  using  public  packet  networks. 


Conclusion 

The  current  commercial  packet  switched  network  offers  a  solution  for  data  communication 
as  transparent  as,  and  analogous  to,  the  public  switched  telephone  network  for  voice. 
Both  Tymenet  and  Telenet  boast  very  high  ratios  of  service  and  uptime  at  competitive 
prices.    Not  only  can  packet  switching  service  long  distance  users;  it  may  be  cost 
effective  for  infrequent  across-state  users,  as  well. 


1 


Thus,  sending  information  to  Los  Angeles  is  no  more  expensive  than  sending  the  same  sized  message  to  Springfield. 
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TELEPHONE  COMPANY  HIGH  CAPACITY  CIRCUITS 


Definition  of  Terms 

T-l  is  a  digital  circuit,  engineered  by  the  telephone  company  on  two  "twisted  pairs", 
that  provides  large  volume  transmission  between  two  points  at  a  speed  of  1.544  Mbps  , 
the  equivalent  of  24  voice-grade  circuits  (24  approximately  64  Kbps    each).    T-l  is  not 
specific  to  any  form  of  transmission;  it  can  be  engineered  within  any  medium  (copper 
pairs,  coaxial  cable,  fiber  optic  cables,  or  microwave).    It  is  used  for  full  duplex 
transmission  of  serial,  bipolar,  return  to  zero,  isochronous  digital  signals,  and  is  at 
least  95%  error  free. 

T-l  is  the  North  American  standard  for  digital  communications  and  has  been  in  use  since 
1962  to  provide  trunk  facilities  for  the  old  Bell  System.   There  are  currently  over  120 
million  miles  of  T-l  line  in  place  and  in  daily  use.   Most  toll  calls  are  carried  over 
T-l  circuits. 


Mbps  =  megabits  (million)  per  second. 

2 

Kbps  =  kilobits  (thousand)  per  second. 
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T-l  trunks  offer  significant  economies  of  scale  in  the  integration  of  voice  and  data 
transmission  between  major  hubs  of  a  network.    Voice  compression  and  multiplexing  offer 
significant  increases  in  the  cost-effectiveness  of  a  T-l  trunk,  increasing  its 
capability.    A  2:1  compression  of  voice  allows  a  single  T-l  to  carry  44  high  quality 
voice  circuits  and  60  full  duplex  9600  bps  data  circuits. 

For  the  last  two  years,  T-l  has  been  available  for  purchase  or  lease  from  Western  Union, 
GTE,  ATT-COM,  and  others.    The  availability  of  interface  equipment  from  other  vendors 
(particularly  from  the  Blanket  Contract)  extends  the  economic  advantage  of  T-l.    T-l 
circuits  are  available  as  total-service  circuits  (where  a  complete  turn-key  system  is 
provided)  or  as  transport  circuits  (where  the  user  assembles  his  own  interface 
equipment). 

The  T-l  is  capable  of  supporting  one  hundred  and  fifty  9600  bps  data  communication  users, 
and  its  cost  is  commensurate  with  that  of  about  five  rented  9600  bps  circuits. 
Therefore,  whenever  there  are  more  than  five  data  circuits  terminating  in  a  building  or 
area,  T-l  is  likely  to  be  cost-effective.    Given  that  in  the  Commonwealth's  current 
network  88  data  circuits  were  found  to  cross  the  LATA  boundary,  use  of  T-l  circuits 
certainly  would  be  appropriate  from  a  cost  effectiveness  perspective. 


l 


See  the  article  contained  in  the  Appendix  on  page  92. 
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T-l,  however,  is  a  point-to-point  transport  mechanism;  by  tariff,  it  must  begin  and  end 
on  the  customer's  premises.    This  means  that  the  T-l  circuit  cannot,  by  itself,  be  a 
pipe-line  with  a  drop  off  in  Framingham,  Worcester,  Springfield,  and  Westfield;  it  is  an 
end-to-end,  all  or  nothing  facility.    T-l  circuits  must  be  viewed  and  used  within  a 
broader  network  perspective.    Although  they  may  not  have  the  capacity  to  be  used  for  the 
pipe-line,  they  can  function  adequately  as  feeders  from  the  pipe-line  to  areas  that  have 
a  concentration  of  data  communication  needs.    Other  options  for  use  in  implementing  a 
pipe-line  are  considered  in  the  section  that  follows. 


Conclusion 

The  telephone  company  has  high  capacity  circuits  available  as  tariffed  items.    These 
circuits,  designated  T-l  circuits,  are  available  with  a  relatively  short  lead-time.    T-l 
circuits  could  be  used  effectively  as  feeders  from  the  pipe-line  that  serves  as  the 
backbone  of  an  East-West  network. 
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C.    1NTER-LATA 


Definition  of  Terms: 

A  pipe-line  is  a  generic  concept  fundamental  to  any  new  network  design.    Any  high 
capacity  transmission  medium  could  be  used  (telephone  trunk  lines,  T-l  circuits,  micro- 
wave, coaxial  cables,  or  fiber  optic  cables).    As  its  name  implies,  a  pipe-line  is  a  high 
capacity  pipe,  or  channel,  used  to  connect  two  areas.    Smaller  feeders  emerge  from  the 
pipe  and  run  to  the  end-user  site.     A  data  communications  pipe-line  would  service  the 
Commonwealth  in  the  same  way  that  a  large  water  pipe  serves  a  residential  home,  joined  at 
the  residence  with  smaller  feeders  to  the  sinks,  dishwasher,  shower,  toilet,  etc.    As  in 
the  water  analogy,  data  communications  junctions  or  gateways  would  be  required  that  allow 
feeders  in  and  out.    Instead  of  attaching  smaller  diameter  water  pipes,  telephone  company 
local  loops  or  T-l  circuits  would  be  attached  at  these  gateways.   Thus,  a  signal  starting 
at  a  user  terminal  would  be  carried  by  the  local  loop  to  a  point  of  connection  to  the 
pipe-line  (the  gateway),  would  pass  through  the  pipe,  and  would  exit  via  another  gateway 
to  a  local  loop  connected  to  a  data  center. 


High  transmission  media  options  are  considered,  below. 
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Findings 


T-l  Circuits.    T-l  circuits  present  a  very  attractive  interim  solution  because  they 
can  be  obtained  in  a  short  period  of  time.    However,  their  utility  over  the  long  term  is 
circumscribed  for  two  reasons.    First,  because  they  must  be  leased  from  the  telephone 
company,  their  costs  cannot  be  stabilized  or  controlled.    Second,  to  expand  capacity 
would  require  additional  circuits. 

Microwave  Circuits.   Microwave  has  been  the  major  transmission  medium  for  long 
distance  telephone  transmission.    Even  though  the  future  for  data  communications  on 
microwave  is  circumscribed  by  the  availability  of  frequency  resources  and  other  less 
expensive  transmission  options,  microwave  remains  the  standard  by  which  all  other 
transmission  media  are  judged.    However,  microwave  suffers  from  several  disadvantages, 
enumerated  below. 

Microwave  systems  require  extensive  towers  as  well  as  expensive  and  scarce  real  estate. 
Tower  costs  vary  with  locale  due  to  the  variation  in  required  distance  between  hops. 
Environments  with  high  winds  and  extreme  temperatures  require  tower  designs  which  resist 
twist,  sway,  expansion,  contraction,  and  icing.    Installations  in  salt  air  environments 
require  extensive  corrosion  protection. 
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Atmospheric  conditions  such  as  fog,  snow,  and  rain  may  limit  the  practical  distance 
between  towers  or  dictate  the  frequency,  power,  and  antennas  that  must  be  used.    Towers 
are  not  practical  where  large  bodies  of  water  are  involved;  transition  to  another 
modality  becomes  necessary.    Even  after  microwave  installations  are  successfully 
completed,  later  changes  in  the  environment  can  cause  problems.  Buildings  may  be  erected 
that  effect  transmission  path.      Ecological  changes,  such  as  the  draining  of  swamps  or 
changes  in  the  intervening  vegetation,  including  seasonal  changes,  also  can  cause 
transmission  problems. 

The  security  of  microwave  systems  is  another  major  concern.    With  the  correct  equipment 
it  is  relatively  easy  to  intercept  a  microwave  signal.    Federal  authorities  have  advised 
agencies  that  are  seriously  concerned  about  the  privacy  of  their  microwave  communications 
to  employ  data  encryption  schemes  for  their  transmissions;  however,  this  further 
increases  the  cost  of  microwave  delivery  systems. 

Another  limitation  of  microwave  is  that  at  each  antenna  hop  the  microwave  signal  is 
amplified,  thus  allowing  for  the  ingress  of  noise  and  the  subsequent  reduction  in  the 
signal-to-noise  ratio. 


1 


This  is  not  an  academic  problem.    Currently,  the  DPW  microwave  system  that  terminates  at  100  Nashua  Street  cannot 
be  expanded  due  to  the  construction  of  the  Middlesex  Court  House.   As  a  result,  the  DPW  is  actively  seeking  an 
alternative  antenna  location  to  replace  Nashua  Street. 
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Cost  is  another  major  issue.    The  State  of  Florida,  in  an  extensive  study,  compared  the 

installation  of  a  microwave  transmission  system  for  data  communications  to  that  of  a 

fiber-optic  circuit.    Their  study  included  an  insightful  examination  of  cost  per 

delivered  capacity.    In  almost  all  cases,  the  fiber-optic  system  was  less  costly  to  build 

and  maintain  than  the  microwave  system,  and  delivered  much  more  capacity.    As  a  result  of 

these  findings,  except  for  one  link  where  installation  of  fiber  was  impractical,  the 

entire  new  plan  for  the  Florida  data  communication  system  SUNCOM  will  be  fiber-based. 

Fiber  Optics.   Modern  fiber  optics  began  in  the  early  1970's  as  the  merging  of  two 
unrelated  disciplines:  semiconductor  technology,  which  provided  the  necessary  materials 
for  the  light  sources  and  detectors,  and  optical  waveguide  technology,  which  provided  the 
medium,  the  optical  fiber  cable  itself. 

Fiber  optics  is  one  of  the  most  promising  of  all  of  the  new  technologies  for  data 
communications.    Although  further  laboratory  tests  will  continue  to  improve  fiber  optics 
as  a  technology,  commercial  usage  has  been  immediate  and  extensive.    Fiber  optics' 
escalating  use  is  predicted  not  just  to  influence,  but  to  revolutionize  the  data 
communications  industry.   This  is  because  fiber  optics  overcomes  many  of  the  limitations 
imposed  by  other  technologies;  the  weight,  strength,  and  electrical  resistance  of 
copper  wires,  and  their  susceptibility  to  Radio  Frequency  Interference,  Electromagnetic 
Interference,  and  sabotage;  the  similar  problems  of  coaxial  cable;  and  the  transponder, 
weather-related,  and  bandwidth  limitations  of  microwave.    A  recent  ADL  study  predicts 
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that  fiber  optics  will  replace  copper  (in  all  forms)  as  the  single  most  common 
communications  medium. 


Fiber  Optic  systems  compete  economically 
with  microwave  and  have  so  underpriced 
coaxial  cable  in  the  United  States  that 
AT&T  Technologies,  the  manufacturing  arm 
of  AT&T,  has  stopped  making  coaxial 
systems. 


Frost  and  Sullivan  estimated  that  the  fiber  optics  industry  will  exceed  $285  million  in 
1985,  and  grow  to  over  $1  billion  by  1990.    AT&T  reported  in  the  May  1984  issue  of 
Business  Week  that  its  optical  fiber  installation  jumped  from  3740  miles  in  1980  to  over 
200,000  miles  in  1983.    Other  communications  companies  including  GTE  and  MCI  added  an 
additional  50,000  miles  of  fiber  optic  cable  that  year. 


l 


"Future  Telecommunications  Technology",  Arthur  D  Little,   Reference  Number  52552. 
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Conclusion 

It  is  not  serendipitous  that  fiber  optics  is  beginning  to  take  over  the  realm  once  held 
by  copper  and  microwave.    Fiber  optics  is  highly  touted  because  it  has  numerous  technical 
advantages  over  both  traditional  (copper),  and  non-traditional  (microwave)  transmission 
media  alternatives.    These  advantages  include  capacity,  immunity  from  electromagnetic 
interference  and  radio  frequency  interference,  resource  availability,  ballistics, 
security,  non-flammability,  and  reliability  of  data  transfer.    These  are  discussed  in  the 
Appendix  on  page  89. 

Fiber  optics  compares  favorably  with  both  conventional  12  GHz    and  state-of-the-art  18 
GHz  microwave  technology.    Using  a  conservative    rating  of  140  MHz  capacity,  fiber  optics 
will  deliver  over  three  times  the  capacity  of  the  18  GHz  microwave  system  operating  at  a 
DS-3  rate  (44.7  Mbps).    Furthermore,  unlike  microwave  systems,  fiber  optics  transmissions 
are  not  adversely  effected  by  poor  weather. 


i 


GHz  =  giga  (billion)  Hertz. 
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GATEWAYS 

In  order  to  increase  the  efficiency  of  data  processing  statewide,  the  Office  of 
Management  Information  Systems  is  establishing  a  policy  that  entails  interconnection  of 
all  Commonwealth  data  centers.    This  will  enable  a  user  with  a  single  terminal  connected 
to  a  data  center,  to  pass  through,  with  proper  security,  to  another  data  center. 

As  the  number  of  statewide  systems  (Payroll/Personnel,  Inventory,  Comptroller's) 
increases  the  demand  for  access  to  other  data  centers  also  will  grow.    Gateways  must  be 
employed  to  maximize  cost-effectiveness  of  the  Commonwealth's  data  communications. 

Procedures  for  passage  from  one  data  center  to  another  must  take  into  account  security 
and  statutory  requirements,  technology,  and  associated  cost  options. 

Implementation  of  this  new  gateway  policy  will  entail  building  bridges  between  the 
largest  of  the  state's  data  centers  during  Phase  II  of  the  network  plan. 

As  technology  improves,  any  of  the  state's  data  centers  will  be  able  to  function  as 
gateways  to  any  other  data  center. 
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The  benefits  of  this  policy  will  be  reflected  in  the  reduced  cost  of  system  operation, 
reduced  number  of  terminals  required  to  access  a  system    and  associated  reduction  in 
physical  plant  requirements,  fewer  data  links  across  the  state,  and  in  general  more 
cost-effective  implementation  of  mandated  statewide  systems. 
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PROPOSED  NETWORK 

The  findings  of  this  study  were  used  to  develop  a  proposed  network  structure,  designed  to 
satisfy  the  Commonwealth's  current  data  communications  needs,  with  capacity  to  meet 
predicted  future  demand.    Technologically,  this  network  would  be  required  to  handle  the 
diverse  computer  protocols  and  speeds  required  by  the  Commonwealth's  several  data 
centers,  and  to  be  unobtrusive  (transparent)  to  these  data  centers  and  their  users. 
Implementation  would  occur  in  three  phases,  as  described  below. 

Phase  I 

The  proposed  network  calls  for  a  fiber  optic  pipe-line  connecting  Boston,  Worcester,  and 
Springfield,  consisting  of  three  fiber-optic  pairs,  with  one  fiber-optic  pair  continuing 
from  Springfield  to  Amherst.      This  pipe-line  which  constitutes  the  backbone  of  the 
proposed  network,  would  be  implemented  by  April  1986.    (See  the  map  of  the  proposed 
network  on  page  67.) 


i 


Negotiations  are  now  underway  between  several  state  agencies  and  communications  companies  in  an  effort  to  barter 
rights-of-way  for  capacity  to  meet  the  needs  of  the  Commonwealth.   Because  of  divestiture,  new  communications 
companies  are  competing  to  obtain  capacity  with  which  to  compete  with  the  telephone  companies.   This  should  be 
considered  an  opportunity  for  the  Commonwealth. 
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Phase  II 

During  this  phase  of  implementation  (April,  1987),  the  backbone  would  be  extended  to 
include  the  Lawrence  area  and  the  Taunton  area,  thereby  complementing  the  connection  of 
the  eastern  portion  of  the  state. 


Phase  III 

During  this  phase  of  implementation  (December,  1987),  the  backbone  would  be  further 
extended  to  include  the  Pittsfield,  Fitchburg,  and  New  Bedford  areas. 

The  map  on  the  following  page  details  the  proposed  network  and  its  phased  implementation 
plan.    Phase  I  is  represented  by  solid  lines,  Phase  II  by  dashed  lines,  and  Phase  III  by 
dotted  lines.   The  table  and  chart  that  follow  outline  the  breadth  of  service  provided  at 
each  phase.     Note  that  overall  demand  increases  over  time;  thus  at  Phase  III,  70%  of  the 
expanded  base  is  covered. 
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PHASE  I 


Proposed  Pipe  Line 
Areas  of  Service 


PHASE  II 


PHASE  III 


Area 


#  of  terminations 


Boston 

Worcester 

Springfield 

SUBTOTAL 
(49%  of  the  current  network  load) 


312 
89 
86 

487 


Lawrence 
Taunton 

SUBTOTAL 
TOTAL 
(61%  of  the  current  network  load) 


66 
53 


119 
606 


Pittsfield 
Fitchburg 
New  Bedford 

SUBTOTAL 
TOTAL 
(70%  of  the  current  network  load) 


26 
29 
35 


90 
696 


Page  68 


CD 

cn 

T3 


m 


o 

cn 

c 

33 

< 

m 

-< 


CD 


33 

m 

en 

m 

33 

<: 

i— j 
rs 
m 
a 


"0 

IE 

> 
en 
m 

*— « 


3> 
33 

m 

3> 

cn 

m 

33 

< 

o 

m 
a 


3> 
33 

r" 

m 

3> 

cn 
m 

o 

-ri 

33 

(-4 

< 

cn 

n 

m 

> 

□ 

— i 

_ 

cz 

CO 

DO 

*? 

> 

> 
m 


m  T3 

<  ID 

o 
-a 
o 
cn 
rn 
a 


m 


XI 

;*: 

cn 

■a 

rn 


m 

33 


Page  69 


References 


Credit  is  herein  given  to  the  following  information  sources: 


Chorafas,  Mimitris.  Designing  and  implementing 
local  area  networks.  N.Y.  :McGraw  Hill,  cl984. 


Future  Information  Technology  -  1984: 
Telecommunications.  Kay,  Peg  and  Powell,  Patricia, 
ed.  Gaithersburg,  MD:  National  Bureau  of 
Standards,  cl984.  NBS  Special  Publication  500-119. 


Future  Telecommunication  Technology.  -1984. 
Cambridge  MA:    Arthur  D  Little.  Reference  #  52552 


The  State  Data  Communications  Plans  from: 
Florida,  Kansas,  California,  and  Maine 


and  to  the  following  publications  and  periodicals: 

Information  Systems  News 
Datamation 
Mini-Micro  Systems 
Computerworld 
Datapro 


Page  70 


DATA  CENTER  CONTACTS 


Dept.  of  Corrections: 


Peter  Macchi 
Dan  Buslovitch 


Dept.  of  Employment  Security: 

Victor  Valaitis 
Joe  Garbino 
Chuck  Rizzoto 


Dept.  of  Public  Works: 

Lou  Demas 
Fred  larrobino 
John  Cataldo 


Dept.  of  Revenue: 


Steve  Winer 
Larry  Campbell 


Exec.  Office  of  Environmental  Affairs: 


John  Shontell 
Joe  Santos 


Exec.  Office  of  Public  Safety: 
(including  the  Criminal  History 
Systems  Board) 

Louis  Sakin 
Ron  Daneault 
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Lottery  Commission: 


Tom  O'Heir 
Jerry  Coffey 


Office  of  Management 
Information  Systems/ 
Bureau  of  Computer  Servies: 

Bob  Ouellette 
Cindy  Muir 


Office  of  the  Treasurer: 

Ed  Kilgore 

Dave  Charbonnier 

Richard  Kelley 


Regent's  Computer  Network: 

Jim  Corifio 
Tony  Darrigo 
Mark  Atkinson 


Registry  of  Motor  Vehicles: 
David  Lewis 

Trial  Courts: 

Richard  Wall 

University  of  Massachusetts: 

Marty  Smith 

Ann  von  der  Lippe 
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DEPARTMENT  AND  AGENCY  KEY 


ABBREVIATION 


FULL  NAME 


CHSB 

CJIS 

DES 

DEQE 

DOC 
DOE 
DOR 
DMH 
DPH 
DYS 
EOEA 

EOPS 

OMIS 

OMIS/BCS 

RCN 

RMV 


Criminal  History  Systems  Board 

(now  part  of  the  EOPSdata  center) 
Criminal  Justice  Information  System 
Division  of  Employment  Security 
Department  of  Environmental  Quality 

Engineering 
Department  of  Corrections 
Department  of  Education 
Department  of  Revenue 
Department  of  Mental  Health 
Department  of  Public  Health 
Division  of  Youth  Services 
Executive  Office  of  Environmental 

Affairs 
Executive  Offfice  of  Public  Safety 
Office  of  Management  Infromation  Systems 
OMIS/Bureau  of  Computer  Services 
Regents'  Computer  Network 
Registry  of  Motor  Vehicles 
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THE  DATA  BASE  FORMAT 


The  next  sheet  contains  the  skeleton  of  the  current  data  file.    The 
field  descriptions  are  as  follows: 


Screen  Name:    Telco  Circuit  ID  Field  Names  :  CIRCUIT 

Description: 

this  field  contains  the  actual  circuit  ID  number,  e.g., 

69FDDT102135 

Screen  Name:    Circuit  #  Field  Name:  # 

Description: 

this  field  contains  a  sequential  reference  number 

assigned  by  the  telephone  company 

Screen  Name:    Lata  Field  Name:  LATA 

Description: 

this  field  identifies  lines  that  cross  the  LATA 

boundary,  0  =  NO,     1  =  YES 

Screen  Name:   Source  Field  Name:  SOURCE 

Description: 

this  field  identifies  the  data  center  which  is  the 
source  of  the  data  circuit,  the  default  is  OMIS/BSO 

Screen  Name:    Dept  Field  Name:  DEPT 

Description: 

this  field  identifies  the  department  for  whom  the 

circuit  is,  e.g.,  Welfare,  DSS. 

Screen  Name:    Street  Field  Name:  STREET 

Description: 

this  field  contains  the  street  address  of  the  circuit 

destination. 

Screen  Name:    Town  Field  Name:      TOWN 

Description: 

this  field  contains  the  name  of  the  town  of  the  circuit 

destination. 
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Screen  Name:    MCODE  Field  Name:  MCODE 

Description: 

this  field  identifies  a  multi-drop  circuit  using  the 

following  convention: 

MO     is  the  tail  circuit  (computer  to  telco) 

M5/1  is  the  first  of  five  lines  on  the  drop 

M5/2  is  the  second,  etc. 

a  blank  here  indicates  a  point  to  pooint 

circuits 

Screen  Name:    MODEM  Field  Name:        MODEM 

Description: 

this  field  identifies  the  type  of  modem  is  use,  e.g., 
BELL  2048A. 

Screen  Name:    Line  #  Field  Name:        LINE 

Description: 

this  field  contains  the  address  of  the  circuit  source 
on  a  computer  front  end  processor,  e.g.,  on  the  DCP-40 
or  3705. 

Screen  Name:   MODEMST  Field  Name:        MODEMST 

Description: 

this  field  contains  the  status  of  the  modem;  L  = 

Leased,  R  =  rented,  P  =  purchased 

Screen  Name:    MODEM#  Field  Name:        MODEM# 

Description: 

this  field  contains  the  number  of  modems  in  the 

circuit.    Default  value  =  2. 

Screen  Name:    LINES  Field  Name:        LINES 

Description: 

this  field  contains  the  cost  of  the  circuit  that  this 

screen  describes. 

Screen  Name:   MODEMS  Field  Name:        MODEMS 

Description: 

this  field  contains  the  cost  of  the  modem  that  is 

described  on  this  screen. 
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Screen  Name:    Department  Paying  Bill:         Field  Name:        BILL 

Description: 

this  field  identifies  the  department  that  is  being 
charged  for  the  circuit  and  equipment  described  on  this 
screen.    The  default  is  'same  as  Depf . 

Screen  Name:    NOTES  Field  Names:      NOTES 

Description: 

this  field  contains  any  free  text  notes  to  further 
identify  or  describe  this  circuit,  e.g.,  'computer  link 
to  AVCO\    The  default  is  blanks. 
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THE  DATABASE  SCREEN  FORMAT 


********************************** 

*  BSPP     NETWORK     INVENTORY  * 

********************************** 


TELCO   [CIRCUIT]    ID: 
[SOURCE]: 


DESTINATION: 
[STREET]  :_ 

[MCODE] : 


[MODEM] 


[MODEMST]    L/R/P 


CIRCUIT    [#] 


[DEPT] 


[TOWN] : 


[LATA] 


[LINE]  # 
[MODEM*] 


ON  HOST  SYSTEM 


COSTS: 


[LINE$] 


[MODEM$] 


DEPARTMENT  PAYING  [BILL] : 


[NOTES]: 
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MODEM  COUNT 
BY  MODEM 


MODEM 
TYPE 


SPEED 

bps: 


#  OF 
UNITS 


ASTROCOM  SC200 

ASTROSET  (SHORT  HAUL) 

BELL  108A 

BELL  2048 

BELL  2 04 8 A 

BELL  2048C 

BELL  208A 

BELL  208LA1 

BELL  DATAPHONE 

BELL  DATAPHONE 

BURROUGHS 

BURROUGHS 

CODEX 

CODEX 

CODEX  LSI48 

CODEX  LSI96 

CODEX  MPS 4 8 

CODEX  SP144 

DDS-DSU/CSU 

IBM  3864 

INFINET 

INFINET  96 

INTERNAL  TTY 

LADS  (SHORT  HAUL) 

PARADYNE  MPX48 

PARADYNE  MPX96 

PARADYNE  T-96 

RACAL-MILGO  MPS9601 

RACAL-MILGO  OMNIMOD 

RACAL-VADIC  1251 

RACAL-VADIC  SCOTSM 

SHORT  HAUL 

TIMPLEX  192 


9600 
150 
4800 
4800 
4800 
4800 
4800 
2400 
4800 
1200 
4800 
4800 
2400 
4800 
9600 
4800 

14,400 
4800 
4800 
4800 
9600 
150 
9600 
4800 
9600 
9600 
9600 
4800 
4800 
4800 
9600 

19,200 


4 

4 

162 

21 

237 

6 

22 

2 

2 

4 

38 

13 

11 

8 

2 

32 

13 

16 

374 

4 

35 

50 

59 

8 

78 

10 

2 

4 

2 

24 

32 

4 

4 


TOTAL: 


1287 
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PACKET  SWITCHING 


The  concept  of  packet  switching  arose  from  the  need  to  build  a  data  communications 
network  modeled  on  the  telephone  network,  that  would  permit  data  terminal  equipment  to 
communicate  with  an  ease  of  use  comparable  to  that  enjoyed  by  voice  users  of  the 
telephone.    A  packet  switching  network  allows  terminal  users  to  communicate  through  any 
other  equipment  connected  to  the  network,  simply  by  presenting  their  data  (along  with 
some  control  information)  in  a  prescribed  manner. 

Packet  switching  was  first  introduced  in  the  late  1960's.    At  that  time,  each  Packet  Data 
Network  defined  its  own  network  access  protocol  to  control  how  devices  accessed  the 
network.    Each  of  these  protocols  employed  a  multiplexing  technique  that  allowed  a 
computer  to  establish  and  maintain  one  or  more  virtual  circuits  to  other  users  in  the 
network.    However,  there  were  no  industry  standards  for  packet  switching  systems,  and 
most  manufacturers  were  reluctant  to  provide  the  software  necessary    to  handle  the 
growing  variety  of  network  access  protocols.    As  a  result,  packet  data  networks  were  left 
to  the  realm  of  the  experimenter  and  research  institutions. 
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In  1976  the  International  Consultative  Committee  for  Telegraphy  and  Telephony  (CCITT) 
adopted  Recommendation  X.25  as  a  standard  for  packet  switching  systems.    Since  the 
adoption  of  X.25  (the  name  of  the  committee  that  studied  the  problem),  packet  switching 
has  become  a  viable,  economical  technically  alternative  to  conventional  leased  telephone 
lines. 

In  conventional  terminal-to-computer  communications,  data  generally  are  sent  in 
individual  character  forms,  or  in  streams  of  characters,  with  little  on  no  address  or 
control  information.    While  addressing  is  unnecessary  when  there  is  an  unbroken  piece  of 
wire  connecting  the  terminal  to  the  host  computer,  in  a  universe  that  consists  of 
"virtual  wires"  and  many  users,  an  addressing  technique  is    mandatory.    Since  packet 
networks  only  handle  blocks  of  data,  a  mechanism  is  required  to  convert  character  strings 
into  blocks  and  to  provide  the  required  addressing  and  control  information.    Such  a 
mechanism  is  generically  called  a  Packet  Assembler  Disassembler  (PAD).    A  PAD  is  a 
functional  device  which  can  be  implemented  using  hardware  or  software,  or  a  combination 
of  the  two.    IBM  Corporation  markets  a  software  PAD  package  for  its  mainframes  called 
NPSI  (NCP  Packet  Switching  Interface);  other  manufacturers  use  external  hardware  devices 
as  PADs.    GTE  Telenet  has  sales,  lease,  and  rental  arrangements  for  its  PAD  "engines". 
Packet  switching  is  analogous  to  the  postal  service.    A  typical  packet  contains  a  header 
(the  envelope  with  name  and  address  of  the  proposed  recipient  and  sender)  and  user  data 
data  (letter  inside).  Once  the  envelope  is  removed  by  the  PAD,  the  user  sees  only  his  own 
data. 
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A  typical  message  can  consist  of  one  or  many  packets.    Multiple  packet  messages  require 
sequence  numbering  so  that  the  packets  can  be  disassembled  at  their  destination  in  the 
proper  order.    To  accomplish  this,  packets  are  placed  in  frames  (outside  envelopes) 
before  they  are  transmitted. 

Data  are  transferred  through  virtual  circuit  connections  or  through  permanent  virtual 
circuit  connections.    A  virtual  circuit  is  one  in  which  no  single  physical  link  is 
established  between  the  sender  and  the  receiver.    Rather,  a  logical  route  of  least  delay 
is  established  by  the  network  to  connect  the  sender  and  the  receiver.    The  logical 
circuit  is  maintained  for  the  length  of  the  virtual  call;  as  each  packet  is  physically 
transmitted,  a  temporary  (or  virtual)  link  is  established  through  the  network  to  the 
receiving  station.    A  dedicated  path,  or  permanent  virtual  circuit,  is  used  for  all 
packets  within  a  single  session.    The  network  is  aware  of  the  fixed  association  between 
the  two  stations,  and  permanent  logical  channel  numbers  are  assigned  exclusively  to  the 
permanent  circuit. 
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TELPAK 


The  following  illustration  is  a  map  of  the  Telpak  facilities  in  Massachusetts.    The  dark 
line  is  the  LATA  boundary  that  separates  the  617  area  from  the  413  area.     Circled  cities 
in  the  western  part  of  the  state  were  formerly  serviced  by  Telpak.     Note  the  very 
inexpensive  "shortcut"  that  used  to  exist  between  Boston  and  Springfield. 
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FIBER  OPTICS 


Capacity.    Fiber  optic  systems  have  more  capacity,  i.e.  potential  bandwidth,  than 
any  other  type  of  system,  including  coaxial  cable.    The  current  bandwidth  of  a 
single-mode  fiber  optic  cable  is  between  400  and  1000  MegaHertz,  depending  on  distance 
and  electronics,  and  a  bandwidth  of  50  GigaHertz  is  expected  within  the  forseeable 
future.    The  most  recent  Bell  System  long-haul  facility  is  type  FT4E,  which  is  the  fiber 
optic  version  of  the  DS4E,  it  uses  a  single  mode  fiber  and  carries  6048  voice  circuits 
over  a  single  fiber  optic  cable  in  each  direction.    Bell  reports  that  these  systems 
compete  economically  with  microwave.    In  the  typical  user  situation,  this  enormous 
bandwidth  not  only  allows  a  single  cable  pair  to  act  as  the  medium  for  all  current  voice, 
data,  and  video  needs,  but  provides  considerable  room  for  expansion  to  meet  emerging 
needs.    To  put  this  into  perspective,  all  of  the  State's  300  voice  and  88  data  circuits 
that  cross  the  LATA  boundary  can  be  carried  in  a  small  fraction  of  a  single  fiber  optic 
pair  crossing  the  State. 


Immunity  from  EMI  and  RFI.    Fiber  optic  systems  are  immune  from  Electromagnetic 
Interferences  and  from  Radio  Frequency  Interference.    Harsh  or  noisy  environments  do  not 
affect  the  quality  of  signals  on  fiber  optic  cables.    Optical  cable  can  be  run  almost 
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anywhere;  underground,  undersea,  in  elevator  shafts,  under  streets,  along  tracks, 
adjacent  to  flourescent  lights,  and  alongside  high  voltage  wires.    Fiber  can  withstand 
temperatures  in  excess  of  1000  degrees  Celcius  and,  when  aerially  installed,  is  not 
susceptible  to  lightning. 


Resource  Availability.    Fiber  optic  cables  are  inexpensive.    They  are  made  from  the 
most  abundant  mineral  on  earth,  sand.    A  single  pound  of  sand  will  yield  over  twelve 
miles  of  quality  fiber  optic  cable.    Copper,  on  the  other  hand,  is  a  depleting  resource. 
Microwave  systems  require  extensive  tower  and  antenna  arrangements,  transponders,  and 
amplifiers. 


Ballistics.    Fiber  optic  cable  is  very  light  and  very  thin.    A  typical  strand  is 
6/1000  of  an  inch,  about  the  size  of  a  human  hair,  but  possessing  the  same  tensile 
strength  as  a  steel  wire  of  the  same  diameter.    One  kilometer  of  fiber  optic  cable  weighs 
about  30  pounds;  the  same  length  of  copper  would  weigh  over  200  pounds. 


Security.    Fiber  optic  cable  emits  no  radiation  and  is  virtually  untappable  without 
detection,  since  signal  loss  can  be  detected  immediately.    Also,  breaks  in  a  fiber  optic 
cable  can  be  isolated  to  within  a  few  inches.    This  feature  alone  has  led  to  particular 
use  and  development  of  fiber  optics  by  the  military  and  security  conscious  government 
agencies. 
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Non-flammabilitv.    Since  fiber  optic  cables  carry  no  electrical  current,  fiber  may 
be  used  without  any  fear  of  spark  hazard  in  harsh  environments  including  those  with 
corrosive  chemicals,  acids,  and  fuels.    Fiber  can  also  be  installed  in  ducts  and  plenum 
spaces  without  the  need  for  additional  safeguards. 


Reliability  of  data  transfer.    As  a  direct  consequence  of  its  immunitive  properties, 

Q 

data  communication  bit  error  rates  are  in  the  order  of  10    ,  or  one  error  created  for 
every  billion  bits  transmitted.    This  very  low  error  rate,  approximately  1000  times 
better  than  current  microwave  capability,  will  continue  to  improve  as  fiber  optic  tech- 
nology continues  to  be  refined.    Additionally,  since  no  radiation  can  leak  from  a  fiber 
optic  cable,  it  is  immune  to  annoyances  commonly  experienced  with  other  transmission 
media,  including  crosstalk,  echoing,  and  ringing. 
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T-l's  Rise  Spurs  Supporting  Gear,  Mux  Vendors 


By  Julia  King 

As  increasing  numbers  of 
large  corporate  users  replace 
leased  analog  lines  with  T-l 
carriers  for  use  as  private  data 
communications  system  back- 
bones, some  industry  observers 
are  predicting  a  new  lease  on 
life  for  time  division  multi- 
plexers (TDM)  and  other  gear 
that  supports  T-l  trunks. 

As  a  result,  several  hard- 
ware suppliers  are  beefing  up 
their  T-l  product  lines,  offer- 
ing users  an  array  of  T-l  TDMs 
and  network  management  sys- 
tems that  users  said  were  pre- 
viously hard  to  find  or  alto- 
gether unavailable. 

"When  we  installed  our  first 
private  T-l  system,  the  only  T-l 
multiplexer  vendor  we  could 
find  was  General  DataComm 
[Industries  Inc.,  Danbury, 
Conn.],"  recalled  Robert  Gal- 
lagher, director  of  distributed 
data  systems  for  Westchester 
County,  New  York.  "Other  peo- 
ple were  making  them,  but  they 
were  not  selling  them  to  end 
users.'* 

A  year  later,  however,  Gal- 
lagher said  he  was  able  to  choose 
from  among  more  than  10  ven- 
dors. Today,  he  said,  Td  prob- 
ably be  bombarded  by  more  than 
three  dozen  manufacturers." 

Hardware  vendors'  new  em- 
phasis on  T-l  equipment  is  in 
part  explained  by  the  relatively 
recent  commercial  availability 
of  T-l  transmission  technology,  * 
which  digitizes  and  multiplexes 
voice  communications  to  allow 
24  simultaneous  conversations 


to  take  place  over  two  twisted- 
wire  pairs.  Previously,  one  wire 
pair  was  required  for  each  call. 

Developed  by  Bell  Laborato- 
ries in  1958,  T-l  technology  was 
once  used  exclusively  by  AT&T 
to  link  central  switching  offices. 
In  March  of  1983,  however,  T-l 
trunks,  which  allow  integrated 
transmission  of  voice,  data,  fac- 
simile and  video,  were  tariffed 
for  commercial  use. 

This  unleashed  what 
one  vendor  labeled  "a 
large  pent-up  demand"  for 
the  1.544  Mbit  per  second 
transmission  capacity  of  a 
T-l  line  as  well  as  for  mul- 
tiplexing equipment  that 
supports  the  technology. 
Thus,  vendors'  increased 
emphasis  on  the  gear,  not- 
ed Bruce  Smith,  president 
of  Network  Equipment 
Technologies,  a  Menlo 
Park,  Calif.,  equipment 
manufacturer. 

"Without  the  regula- 
tion that  governed  T-l 
[prior  to  March  1983],  cor- 
porate users  would  have 
been  migrating  to  T-l  as 
early  as  the  1970s.  But  be- 
cause they  couldn't,  what 
we  have  now  is  really  an 
unnatural  situation  in  terms  of 
demand,"  Smith  said. 

A  second  factor  contributing 
to  the  popularity  of  T-l  systems 
is  their  cost-effectiveness.  (See 
related  story,  Page  53.) 

As  one  user  pointed  out,  a  T- 
1  line  with  a  transmission  ca- 
pacity of  1.544  Mb  its  per  sec- 
ond could  potentially  provide 


•  him  with  as  many  as  150  9.6K 
bit  per  second  (bps)  channels 
between  an  office  in  White 
Plains,  N.Y.,  and  another  in 
Yonkers,  N.Y.,  at  a  cost  of 
$1,500  per  month.  Mean- 
while, the  alternative  to  us- 
ing the  T-l's  1.544  Mbits  per 
second  capacity  would  be  leas- 
ing 150  voice-grade  tie  lines 
at  an  approximate  monthly 

•  cost  of  $250  per  line. 
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The  user  also  pointed  out  that 
additional  savings  are  realized 
using  a  T-l  because  the  need  to 
install  9,600-baud  modems  at 
both  ends  of  each  tie  line  is 
eliminated.  Instead,  those  mo- 
dems are  replaced  with  a  single 
T-l  multiplexer  at  each  end  of 
the  T-l  line. 

Carriers  leasing  T-l  lines  to 


end  users  confirm  that  demand 
for  the  technology  is  definitely 
on  the  increase.  At  Bell  Atlantic 
Corp.,  Philadelphia,  for  exam- 
ple, a  spokesman  said  the  num- 
ber of  T-l  lines  it  supplies  to  end 
users  has  more  than  doubled  in 
the  past  year. 

Similarly,  vendors  supplying 
T-l  related  equipment  said  they 
are  selling  more  and  more  gear 
to  large  corporate  customers. 
At  Timeplex  Inc.,  Wood- 
cliff,  N  J.,  Victoria  Brown, 
vice  president  of  corporate 
development,  said  the 
company's  salespeople  are 
now  spending  about  85 
percent  of  their  time  talk- 
ing to  customers  interest- 
ed in  installing  T-l  lines. 
By  contrast,  she  said, 
"If  you  were  to  talk  about 
our  salesmen's  time  a 
year  ago,  85  percent  of 
their  time  would  have 
been  spent  talking  to  peo- 
ple interested  in  statisti- 
cal multiplexers  for  9.6K 
bps  leased  lines.  Now  85 
percent  of  the  customers 
are  talking  about  T-l — 
and  those  sales  contacts 
are  driven  by  customer  in- 
quiries." 
Brown  also  noted  that  the 
company's  customer  base  is 
shifting.  Traditionally,  she 
said,  AT&T,  which  uses  Time- 
plex products  internally  and 
also  remarkets  them  to  end 
users  through  its  Information 
Systems  unit  in  Morristown, 
N.J.,  has  been  Timeplex's  big- 
gest customer. 
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Recommends  fe^  Micom  Products 


MICOM  communication  products 
represent  innovative  solutions 
to  your  data  communication 
requirements.  Their  reputation  as  a 
manufacturer  of  high  quality 
communication  products  has  been 
verified  by  thousands  of  satisfied 
users.  And  DJC — a  leader  in  data 
communications  distribution  adds 
to  that  satisfaction  by  stocking  a 
wide  variety  of  M i com  products  for 
quick  delivery. 

In  fact,  DJC  can  satisfy  all  your 
data  communication  needs.  We 
handle  a  comprehensive  selection 
of  devices  and  equipment,  and  have 
the  experience  to  show  you  how  to 
connect  them  all. 

DJC  a  an  authorised  distributor  for  M  i  com . 
RacaJ- Vadjc .  Central  Datacomra.  Protocol  Com- 
■Wen  Inc.  Anderson-  Jacobean,  ftacomp  and  VenteJ. 


Next  time  you  need  a  Micom, 

DJC  CORPORATION 

or  any  other  solution  to  your  data 

5700  Buckingham  Parkway 

communication  problems,  do 

Culver  City,  CA  90231 

yourself  a  favor,  call  DJC. 
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(800)526-2823 
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Irvine 

(800)421-3960 

1*» 

(714)851-5011 

Florida: 
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Orlando 
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While  AT&T  remains  the 
firm's  largest  client,  she  pointed 
out  that,  "on  a  percentage  basis, 
AT&T  will  [this  year]  comprise 
a  lower  percentage  of  our  total 
revenues  than  in  previous 
years" — indicating  that  more 
end  users  are  buying  equipment 
to  support  T-l  lines. 

Equipment  vendors*  response  to 
the  increased  interest  in  the  tech- 
nology is  to  direct  more  money 
and  R&D  effort  toward  the  devel- 
opment of  more  sophisticated  T-l 
products;  she  noted.  At  Timeplex, 
Brown  said,  the  company  will  con- 
tinue to  make  heavy  investments 
in  its  Link/1  flagship  line  of  T-l 
multiplexers,  adding  that  "cer- 
tainly a  heavy  proportion  of  R&D 
money  is  going  to  Link/1  successor 
products." 

At  the  same  time,  other  ven- 
dors are  following  suit. 

Infotron  Systems  Corp., 
Cherry  Hill,  N.J.,  said  that 
because  of  the  increased  in- 
terest, it  plans  to  announce  a 
line  of  T-l  products  by  the  end 
of  the  month.  Previously,  the 
company  manufactured  a 
TDM  under  a  licensing  agree- 
ment with  Datatel  Inc.,  also  of 
Cherry  Hill. 

At  Codex  Corp.,  Mansfield, 
Mass.,  Doug  Antaya,  product 
manager  for  T-l  multiplexers, 
said  he  expects  to  see  the  T-l 
market  grow  in  excess  of  25  per- 
cent annually  over  the  next  five 
years. 

T-l  products  that  equip- 
ment vendors  are  now  offer- 
ing range  from  digital  trans- 
mission multiplexers,  such  as 
Insta-trunk  480 — a  multi- 
plexer from  Micom  Systems 
Inc.,  Chatsworth,  Calif.,  that 
provides  up  to  128  9.6K  bps 
channels  over  a  T-l  link — to 
more  sophisticated  T-l  net- 
work management  systems. 

Such  a  network  manage- 
ment system  is  Network 
Equipment  Technologies'  in- 
tegrated digital  network  ex- 
change (IDNX).  Besides  mul- 
tiplexing data,  it  combines 
voice  compression  and  man- 
agement facilities,  allowing 
the  dynamic  allocation  of  T-l 
bandwidth.  Enhanced  speech 
processing  also  permits  up  to 
4-to-l  voice  compression,  ac- 
cording to  the  company. 

Observers  said  customers  can 
expect  even  a  wider  range  of  T-l 
equipment  in  the  future,  as 
more  and  more  vendors  enter 
the  market. 

And,  said  Codex's  Antaya,  as 
"the  skyrocketing  cost  of  pri- 
vate lines  are  bringing  more 
and  more  customers  to  look  at 
T-l  carriers,"  increased  usage  of 
the  lines  will  also  drive  the  mar- 
ket toward  more  sophisticated 
T-l  related  equipment. 

"Right  now,  there  are  still  a 
lot  of  products  customers  need, 
but  they  aren't  yet  on  the  mar- 
ket," he  added,  noting  that  some 
of  those  future  products  would 
most  likely  offer  enhanced  diag- 
nostics capability  and  the  abili- 
ty to  automatically  reconfigure 
a  T-1-baaed  network. 


Circle  Reader  Service  No.  050 


SO  —  Infotmabon  Systems  News  —  Monday.  December  10,  1984 


.w-.   -   ™"^^^!^^!"^™,™^*^ 


S  BS    -■>.    ..  ffiSSSffiraEEESSC 


DATA  COMMUNICATIONS 


t»  Ku**-".i.'^«w^**y »**»  —. '  •-ti.f*muuNi«Uihji»vA< 


T-l  Can  Also  Be  Cost  Effective  for  Small,  Medium-Sized  Users 


While  some  industry  observers 
ave  questioned  the  cost-effective' 
ess  of  high-capacity  T-l  links  for 
ny  users  other  than  those  with 
age  volumes  of  data  traffic,  the 
irector  of  distributed  systems  for 
Westchester  County  in  New  York 
maintains  that  a  customer  need 
ot  initially  use  the  entire  capad- 
y  of  a  T-l  link  in  order  to  reap 
ertain  economic  benefits. 

According    to    Robert    Gal 
agher.  who  oversaw  the  instal- 
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lation  of  Westchester  County's 
first  T-l  system  last  April, 
small  and  medium-sized  users 
can  realize  cost  savings  by  re- 
placing leased  analog  lines  with 
T-l  carriers  even  if  they  use  as 
little  as  5  percent  of  the  T-l 
pipe's  1.544  Mbit  per  second 
transmission  capacity. 

"You  really  don't  have  to  use 
the  whole  thing  to  make  it  eco- 
nomical," Gallagher  said,  noting 
that  when  one  mlmlntaQ  m  the 
cost  of  equipment  «nnnri«t«i  with 
the  use  of  leased  analog  lines,  T-l 
pricing,  albeit  higher  on  a  month- 
ly basis,  becomes  quite  cost  benefi- 
cial in  the  long  run. 

By  way  of  example,  Gallagher 
offered  the  case  of  a  customer  leas- 
ing five  9.6K  bit  per  second  (bps) 
voice-grade  tie  lines  at  an  average 
monthly  cost  of  $250  each  or 
$1250.  For  each  of  those  lines, 
Gallagher  also  pointed  out  that  a 
customer  would  need  five  pairs  of 
9,600-baud  modems,  which  he  es- 
timated would  cost  between 
$20,000  and  $25,000. 

By  contrast,  a  customer  leas- 
ing a  T-l  line  at  an  average 
monthly  cost  of  $1,500  could  ac- 
commodate those  same  five  9.6K 
bps  lines  as  well  as  145  other 
identical  lines — should  he  need 
additional  capacity — using  the 
1.544  Mbits  per  second  capacity 
of  a  T-l.  Equipment  costs  associ- 
ated with  the  T-l  would  average 
about  $30,000  and  include  a  T-l 
multiplexer  with  five  channel 
cards  at  each  end. 

At  Datatel  Inc.,*  Cherry  Hill, 
N  J.,  manufacturer  of  T-l  mul- 
tiplexers, Tom  Hornsby,  nation- 
al sales  manager,  agreed,  say- 
ing, "A  good  rule  of  thumb  is 
that  a  T-l  can  be  cost  justified 
with  five  9.6K  bps  channels." 
And  beyond  that,  he  noted, 
"Any  voice  or  data  you  add  to 
the  T-l  is  dirt  cheap." 

While  cost  savings  is  the 
number  one  factor  vendors  men- 
tion when  discussing  T-l  lines, 
Hornsby  noted  other  advan- 
tages, including  the  ability  to 


combine  voice  and  data  net- 
works, thus  permitting  both 
networks  to  be  monitored  si- 
multaneously; the  capability  for 
video  conferencing;  and  the  op- 
portunity to  decrease  the 
amount  of  installed  wiring. 
And,  users  will  increasingly 


demand  that  capability,  accord- 
ing to  Bob  Bauer,  vice  president 
of  Infotron  Systems  Corp.,  Cher- 
ry Hill,  NJ.,  who,  like  Gal- 
lagher and  Hornsby,  said  medi- 
um-sized users  can  indeed 
justify  use  of  a  T-l  even  if  they 
do    not    initially    require    the 


pipe's  full  capacity. 

As  the  use  of  T-l  lines  becomes 
mare  sophisticated,  Bauer  also 
noted  that  customers  are  also 
bound  to  require  more  sophisticat- 
ed T-l  multiplexing  equipment. 

"Initially,  we  think  customers 
want  relatively  simple  point-to- 


point  T-l  solutions,"  he  said. 
But,  down  the  road,  when  T-l 
lines  will  be  supporting  faster 
equipment  requiring  higher 
bandwidths,  he  said  he  expects 
that  customers  will  want  multi- 
node  T-l  networks. 

— Julia  King 


Introducing  the  QMS  Lasergraf be"  800. 


Now  you  can  bring  laser  print 
technology  right  to  your  desk  for  all 
your  business  and  industrial  graphics 
needs.  The  Lasergrafix™  800  from 
Quality  Micro  Systems  brings  full 
bit-mapped  graphics  capabilities 
down  to  true  desktop  size.  And  if  you 
thought  the  flexibility,  convenience 
and  economy  of  laser  print  tech- 
nology was  priced  over  your  head- 
look  down— to  under  $10,000. 

For  letter  quality  word  processing. 
Bar  charts.  Pie  charts.  Even  barcodes. 
Full  bit-mapped  page  memory  lets 
you  mix  text  and  graphics,  different 
letter  sizes  and  type  styles— all  on 
the  same  page— even  on  the  same 
line.  The  Lasergrafix  800's  intelligent 
controller  takes  simple  print  com- 
mands through  your  normal  data 
stream.  So  your  computer's  memory 


resources  are  free  to  do  other 
important  work. 

And,  QMS  intelligent  applications 
firmware  is  standard  throughout  our 
entire  growing  family  of  electronic 
page  printers.  So  your  Lasergrafix 
800  can  be  part  of  a  print  applications 
master  plan— a  plan  which  can 
include  the  pioneering  Lasergrafix 
1200  for  more  continuously  print 
intensive  locations. 

\bu  get  whisper  quiet  performance. 
So  yotCtan  place  a  print  workstation 
with  the  efficient  printing  speed  of 
eight  pages  per  minute,  almost 
anywhere  you  need  one.  And  the 
Lasergrafix  800  interfaces  with  just 
about  any  computer  system  you  can 
name.  So  you  can  be  up  and  running 
in  no  time— in  the  hottest  new 
direction  in  the  graphics  field— 
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down.  With  the  Lasergrafix  800  from 
Quality  Micro  Systems.  Ask  for  a 
demonstration  today. 


Send  me  the  Lasergrafix  600  Information  Packet. 

samples  of  mixed  fonts,  graphics  and  everything  else  It  does 

Please  contact  me  to  arrange  a  demonstration. 

Title; 


Company: 

Address:  _ 


Type  of  system  you  are  now  using: 

Number  of  print  workstations  you  are  considering: 
Prbneappllcatlonsforprinter: 


QUALITY  MICRO  SYSTEMS,  IfSiD. 

PO  oo«  81250     Mobile.  AL  36689 

felephone  (205)633-4300  It-*.  RCA  26  601 3 

WHERE  IMAGINATION  LEADS 
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